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A DNA MELTOMETER AND METHODS OF USE THEREOF 

BACKGROUND OF THE INVENTION 

, i Of The Invention 

T^nt^teTto the fields of me4ical diagnostics and medtca, 

* eenetics particularly with respect to molecular biologica! methods relevant to those 

stj^— . - — — — - - rn—ed 

ouantirating. probing and sequencing DNA fragments rele ant 
,0 Letic polymorphisms and pathological organisms, ceils and ussues. Spec M 

plides an apparatus, termed a DNA meltometer for effiete™ 
11, and r Uabie automated performance o, DNA sizing, quantttatmg probm 
IT seeing, and memods for using the apparatus in Cinica, and dtagnost,c 
appiications for the rapid diagnosis of pathoiogical and disease states. 
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^^neu^Is and diagnoses, a variety of disease staKs 
chafed by the presence o, specific nucieic acids. Xn inherited diseases - 
example, certain spec,, mutant genes are present in *e P-^ -J 
individual The reduced or absence of expression of the gene pro 
md „ or me expression of a mutant, non-functional gene product, 

specific mutant genes, or the expression u ntri ^ tP , to overt 

or a gene product with altered or impaired function, causes or contnbutes to overt 
or a gene piuu^ MetabohcBasis 

nathology or disease in the individual (see Scnver et aU 1989, The Metabo 

pathology _ d . seaseSi me presence of 

2fT"^ Please, McGraw-Hill, N.Y.). nrese nce of a 

— ""T^e disease-causing organism is indicative of the presence 
nucleic aciu .. . even m the absence of 

disease or the imminent or eventual occurrence of the disease m 
disease g fa infection Wlth human 

— er.n, ~ -on frequen, — - appearance of the 
symptoms of acquired immunodeficiency syndrome by many years < K e Fane 1988 
££^9= 6H-622). A second category of diseases that are no, geneuc tn org 
TZ stalled environment-induced diseases. Such diseases are caus* by 

are the so called environm ental toxins and other insults on 

toxic, antigenic or numuonal effects of °™ 

C e„s and tissues. The resulting -" ^l affected celis and tissues, 
detection of alterations in patterns of gene expresston 
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„ - , over one hundred . ^ - - , 

— — - - — ' - - — 

163) . The techniques used « me dtscove* ^ ^ 

acid sequences, pamcu.ar,y us,ng the P*»™ *° 

■ ■ f ™,cleic acid fragments using gel electrophores.s, w 
stzing of nucletc actd gm , of such fragments by specific 

nucleic acid fragments amongst a ™ lu P" C,ty „ Southem . and 

, * Knund to various membranes (,so u<ui*u 
hybrid izationofnucl ei cac db und -a by 

"Northern" hybridizations); and (4) determ 

f^nnpntlv synthetic sequencing methods {see aamu 
.egradative or, more ^en*^^ 2d ed.. Cold Spring Harbor 

— S robust as fcese te« - been in - — ^ ~ 

— and ^ ^ me fec[ ^ a,, o, these techniques 
appUctions has been s,o„. electrophore sis as a fuu! 

— *~ Tl;Co 0 : 1= « m »e research setting, - 
TTI." IT! and reuses stfUed iaboratory personne, to 
cumbersome, ditncun iu « . „ involve the use of 

«.i electrophoresis techniques typically involve 

PCrf0rm ' '„ « as — bromide <*ch is mutagenic) and acrylamide 
hazardous chemicals, such as eun voltages (up 

• or,/i /nr hazardous conditions, sucn as. ms» 
(a neurotoxin), radioactivity, and/or hazardous visuaU zation of 

«f ultraviolet transUluminators. In addition, visudi 
to 4000V) or the use of ultraviolet tr photograp hic equipment, 

specific DNA fragments separated in gels usually req P 

jnd x _ rav film-developing equipment, all of whicn 
a darkroom, and X , fta ^ ^ level of skill required to reliably 

I techniques less economical to use ana incr 



perform these analyses. 
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• , hus a need in the clinical diagnostic arts for a simple, robust and 

having considerably .ess stall meIhoa , Even within the 

p erform the current^ ^ ^ ^ — researching,* 
5 m olecularb>olog.cal are, certain ar , 4 3 4 . )4 3 5) ar e limited 

Human Cenome Project ,ee ""'^^^ o( time consumed using 
in the rate at which advances can be achieved by* ^ 

clinical laboratory technical personnel. 

BRIEF SUMMARY OF THE INVENTION 

„ > -eel-free" nucleic acid detection and 
The present invention provides . ^ * ^ 

characterization system, comprising an W""^ ^ use of gel 

t0 sto , t.uan.itate, probe and ^ , , single , easy-to- 

ele ctrophoresis. The invention proves »u*c a^ ^ ^ 

^ automatable instrument, termed a DMA m a 

. * t u P following components, in operau 
^ , , *Z mwhichmetemperaturecanbeaccurately.reliablyand 
thermomodulattng chamber in wntcn 95 _ 10 0°C; temperature 

ra pid,y adjusted to any temperauire between about 1 5 ^5 ^ 
confers including heating elements and coohng »n*» - ^ ^ 

— - - — ~ rr* — £- — - 

~T::"A~Irids,,., f ord 

couble-sttanded WA.«"> / „ don of doubl , str anded DNA or 

M RNA PTOi ^.; S ^ advantageous,,, the meltometer is also 

RNA'.DNA hybnds. whereby the data-processor 

comprised of a data-processing device and 

controls the operation of Ore omer components of theaPP-" ^ 
a»d suites data produced by operation of the J ffer sol „tio„ 

components of the meltometer is a pump — «U ^ ^ ^ 

tough 0,= thermomodulating chamber, preferably arrang 



15 



20 



25 



30 



-3 - 



PCT/US95/03708 

WO 95/25815 

„ « throueh the thermomodulating chamber and past the detector; in such 
t« ofte appals of the — , the thermomoduiatmg chamber 
2" . has a Z OPC^ and a second opening, — buffer Hows into 
"7er Lugh the first opening and ou, from the chamber throng *e second 
5 which second opentng is connected with or attached to the de« or. 

The apparatus and methods provided by the invention are usefiu or: (a) 
^ nucleic acids rang, in leng* ^^^XXT.' 

mature of heterolog non _ speci fic nucleotide sequences by 

10 Cbidt:::—.; — — 

o extended nucieic acid seducing ohgonudeotides rangmg » iength from abou 
M » about 100 nucleotides, each extended oiigonucieotide havtng ants 3 e tema 
phrase cham-terminating compound. 0-ereby providing for gei-free nucleottde 

" — £ — is based on the follow,, — —n, 

Nucleic acids have conventional!, been characterized by gel eiectrophorests on *. 

„ This nrooerty termed the melting temperarure, T„, a defined 
another. Thts prc*^ ^ ^ melr 

remperamre a, wh, h50% - - ^ ^ 

component single strands, ine i m 01 s 

base U nucleic acid is known to depend on two facto,: ^^TL 
25 *e fragment, and the sequence and base com P _> f * ^ ; 

onrrihntes to T because the longer a nuclei acid is, the more hydrog 
contributes to i m dc^ tW _.,i ener ev to be broken apart, 

basepairs it contains, which thereby require more thermal energy 

^on effects are due to the fact that G - C basepairs are more stable than 
Base composition etlects are uuc ^ Kptwpen ^ 

A=T basepairs because they share more inter-strand hydrogen bonds betwe^ * 

~ effects are due to the fact that the bases interact with one 
30 basepairs. Base sequence effects are double - S tranded 
another within each strand in a manner that stabilizes 



conformation. 
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The use of various formulae to pr=di« the T. of a DNA dup)ex of known 
,eng* a„ bas* composuion is well known in me an. The instant — for the 
provides an apparatus and methods for using the T. of a DNA fragment 
1 identify its length and (in some embodiments of the methods of the inventton, us 

5 base ^ ^ compos . . on and K?uencc on x m can be removed by the 

„ of isostabilizing compounds. These compounds bind specificaUy .0 GC or AT 
Tasepairs and act to destabilize or stabilize, respectively, the hydrogen bondmg 

basepairs. ,n me presence of isostabilizers, me T. of some nuclerc acd 

10 Cents becojes a .Unction soiely of its iength. m addition, isostabilizers sharpen 

Lie add fragment which differ in length, for example, by even a srngle 

"""iflc preferred embodiments o, the present invention will become evident 
15 from the following more detailed description of certain preferred embodhnents and 



the claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

^ » nriM-ation of the thermomodul ating 
Figure 1 illustrates the structure and operation or in 

, 0 chamber of the DNA meltometer, wherein . represent the direction of flow o 
temp^ture-controlled butler. 2 represents tethered DNA, conststtng o, 3 an 

z— — - — — • : ;::r d N ; 

^modulating chamber, 6 represents me detector, 7 represents a tethered DNA 
tier and 8 represent, a mermaUy^mred, aetectably-labeled, single— 

0* DNA or RNA molecule. 

Figure 2 illustrate an automated embodiment of the DNA meltomete, 

wherein 5 represents the mermomoduiaUng chamber. 6 represents 
represents a pump for moving buffer through the mennomodulatmg chamber 5, 10 

a ^ » «*— » ■ " essor for conttouins opera r, 

30 7Z apparatus and !2 represetus an interface enabling the corner „ contto, 
llo of *e apparams and to collect and store da. produced by me apparatus. 
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Fig0I es 3A and 3B .how Tm determinations in the presence Figure 3B) and 
absence (Figure 3A) of me isostabilizer rerraethylammoni um chlonde for 
haseoair (bp) DNA fragment using the tactometer. 

F i 4 demonstrates Tm and size determination of nested and non-nest* 
5 fragments in the presence and absenc* of the isostabilizer tetraethy,ar_ 

, DNA Kmplate - — » — 6 ^ ^ ?' T Z 

vZl 5A Lough 5C illustrate Tm-based detection of three (Figures 5A and 5B) 
X (BgTe 5C) probes, and 5D shows a convent gei electrophone 

* I DNA fragments separated as shown in Figure SC. where Une 1 are 
^ size makers o, a ,5m=, a 23mer (mistnatch) and a 30mer; lane 2 ar DNA 
" makers of a 15 mer, a 2 3mer and a 30tner ; ianes 3 6 - ™ = 

■ • „ n 1 Wr Qane 3) a mismatch 23mer (lane 4), a 23mer (lane » an 
peaks containmg a 15mer uane :>;, a 

15 a 30mer (lane 6). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides an apparatus, termed a DNA meltometer. for 
lneprescn fragments, 



10 or 



20 
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30 



The present — „ 

^itree sizing, quantitating, probing and sequencing 
gel-free sizing, q me itometer is based on the 

presence of isostabitaing compounds, are also provio y 

The apparatus is comprised o, an thermomoduiating chamber (5 ,n F.gure » 
for containing a buffer soiution of a double-stranded nucieic acd such as DNA 
IITdNA is thermally denarured therein. Exemplary embodiments of such 
I ^modulating chamber inciude a thin-walled polypropylene tube c— 
lin a heating bloc* comprised o, a heat-conducttng materia,. 

• r ~t a tn a sinele use to avoid the possibility of cross 
— OUS ' y ; ILH— t ofthe thermomoduiating chamber 
contamination of samples. Another emno h . aI -conducting 
component of the metomeKr is a cel. or chamber compnsed of heat 
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material and defining a cavity having at leas, one openmg for inserting a sample and 
n„ shi „ g such a sample after each sample determination. Advantageous*, toe 
mennotnodulating chamber of the meltometer has a firs, and second opentng, 
a.lowing the How of a liquid buffer sohuion, a liquid sample-containing solutton or 
5 any other liquid soiution through me chamber. In such embodiments of *. 
me^meter are included a pump (9 in Figure 2) for moving buffer from a buffer 
reservoir (10 in Figure 2) through me mermomodurating chamber and pas. etector 
(6 in Figures 1 * 2) . An example of a pump useful in this embodiment of the DN A 
meUometer is a high pressure liquid chromatography pump (available from Becfcnan 
10 scientific instants, Fullerton, CA), In additional embodunents *e 
demodulating chamber is defined by a number of sample we!, aUowmg multvple 
determinations to be made sequentially or contemporaneously. 

,„ cemin embodiments, the ftermomodulating chamber is also compnsed of 
a double-sanded nucleic acid retainer (7 in Figure 1). Exemplary retainers include 
15 bu, are not limited to Teflon- filters for retaining nucleic acid fragments mat have 
^ tethered to latex beads. Another example of an advan*geously-used reamer 
is an external magnetic field generator for retaining nucleic acid fragment that have 
been tethered to ferrous metal-binding agents, such as transferrin or paramagnettc 
beads (available from Dynal, Oslo, Norway). 
M The ftermomodulating chamber of the meltometer is in thermal contact w,m 

temperature conn-oiling devices such as heaung Cements and/or cooling or 
refrigerating units for regulating the temperature within the chamber. A vanety of 
such temperature regulating units are known to those with skill in this art, meludmg 
but no. limited to mefcffic heating strips, cooling fans, refrigeration ututs, and the 
25 like. InparUcular.temperamreregula^areknownwhicharecapableofregu^g 

temperature .o wuhin ± 1°C more preferably ± CU*C, and 

±0 .0rC (an example of which is a temperature conn-oiler avatlable from 

Eppendorf, Hamburg, Germany). 

Thermal-denamration of nucleic acid, comprising the dissoctauon of a double- 
30 stranded nucleic acid into single-stranded DN A or RNA, is detected using a detector 
,« in Figures 1 & 2) that detects a physical properry unique to the smgle-suanded 
IlnTof a DN A fragment. Such properties may be detected by essenually three 
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~; AWrrt detectors and indirect detectors. 
• c rt f detectors* direct detectors, semi-direct detectors 
categories of detectors, air example, using a 

calorrmeter to detect the Another example of direct 

acia „ tnto its «^^ ta C^«*-. ->-'•---- 

5 detection is spectrophotometry *«^J» „, „ f 260nm tot „ 

rs the increase in absorbance of uttrav * g hyper chromici W 
.social with thermat denatura. .on <* = so caUe ^ ^ ^ ^ ^ ^ 

erfect). Such direct methods w,U be ^ y ^ ^ ^ 

^L"— ° « — ndetectionincindedeteetionof^ 

10 o, singie- or dou W e-s,rand —on specie 

dena turation may be detected 

by me increase m the Typicaliy. 
QO uble-strand specific dye. ° w „ . way ^ dep ends 

I5 these types of dyes absorb or "^'"Z^ „ taBrcaUKa into a doubie- 
on whether or no. the dye ,s hound to, — * ^ 

hound ,0, assoc.** w«h or mterc* _ ^ ^ ^ at ^ 

^ dented hy the ^££ZL* is thermaUy denantred. Amative,,. 
20 approprU-e length as * BKA» ^ ^ c „ ion 

*— — °" ™ , d ^U-s.and specific dye. binding moiety or 

- a - to douh.e-s.rand specific dyes in Ota, 
inflating compound. These dyesar characteristic wav e.=ngth 

- " ** ab "d^t h 1 C associa^d with or —ted into 
25 uepends on whemer or no the dye^ ^houn ^ ^ ^ rf ^ 

asingie-^randedDNAmoiecu^ ^ ^ ^ 

dye that is hound to,, abated wtth or m ^ ^ 

molecuie can he detected by the mcrease (or " " incrases 

• „ waV eleneth as the amount of single-stranacu ^ 
light at the appropnate wavelength -sandwich"- 

* - — rrJ^trS — are^ed 
r— st between thermai denamration and the increase or decrease tn 
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• ^ntration of a detectable dye, binding moiety or intercalator. In 
the effective concentration a intermediate specific 

hmdine or release of either a uyc ui 
"* SyaOTS ' I^d specuopho.o^y by the increase or decrease in the 
bta ding motety » detected ^> of useM nucleic acid- 

effective concentrate of the detectab y or 
5 specifc dye compounds are known. ■nciud.ng, fo ex»p ^ 

i-i tv apt Hoechst 33258, and, most preferably, TOiu/ 
pref erab,y, DAP!. H«ch* ^ ^ „ of as llttle as 

Probes, Eugene, OR). The use ^ 
femtomoies ( - .0' moiecuies) of targe. nucle,c acd (see 
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itoare 35_9_: 859). 



3 - 5 - 9 - : )- « ™* limited to fluorescence or 

or RNA. Fl ~ buffK sotationthro „gh the thermomoduiaung 

— M " "11 1- "* «* a " ~- W - ta » 

chamber and past me — wjIhm „, ^modulating 

chamber wherein undenatured nucletc acid L In te 

„. „ example of such an — — 
„amp.= of indirect detectton ^ „ ^ cimB ^e (SSC ; 

— "tri 7^ " now (where, ! represent the direction 
se e Sambroo* « I. . 1*>. ■ - ^^tag chamber 5 

of flow of tenvperahtre-conrronen buffer thro g ^ 

„ . B mperamre tha, is initially W» ^ ^ ^ by . rettiner 

inKr e, fn the chamber is H^^^ ^^d slt a„d 3 and a 
,. The tethered double-stranded DNA conststs o ^ 
d etectab, y .labeled, preferably a fluorescenfy - or „ at 

— * - — rsrTaT^ — - — * 

' Tlt«I — uiating chancer 5 past a detector *. whe« 
the flow of buffer from tn ^escently- or infrared-labeled, single- 

it is det ected as a 

stranded DNA or RNA molecule 7. The o ^ ^ 

indir ect detection methods can enable detection «0 ^ 

(Middendorf « 1992, Becmp^ 13 . 487), 
(Davis et al, 1991, GATA 8: 1), theoretically. 
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I„ UK use of the meltometer provided by the invention, nucleic acid to be 
sized, quantitated, probed or sequenced is advantageous* modified to compnse a 
tethering molecule on one strand. Incorporation of such a tethering molecule 
provides a way to retain the doubte-stranded nucleic acid in the thermomodulating 
5 chamber and to prevent detection o, undenatured DNA by the detector Thts ts 
accompHshed by tethering, anchoring or immobilizing the doub,e-s,rand=d nucletc 
acid inside the mermomodutating chamber. The undenatured DNA may be 
anchored, tethered or immobilized to th. thermomodulating chamber itself, or more 

n ?n Pimire Xs within the thermomodulating chamber, 
preferably to a retainer (7 in Figure V) wwuu 

10 Advantageous combinations of tethering modules and refers indude bu, are no, 
Umited to bio.iny.aud nucieic acids m*ed to streptavidin-coated latex or glass beads, 
and retained within the thermomodulating chamber by a Teflon* membrane. AUo 
induded in such advantageous embodiments of Are invention are nucleic acids hrfed 
to a magnetic metal, with or without the use of a cheating moiety such as porphynn 
15 or ferritin, and retained wimin the thermomodulating chamber by ore appltcauon o 
an external magnetic Odd. Tethering molecules can be added to the double stranded 
nucleic acid by replacement synthesis, hybridtzauon, chemical modification or dunng 
in vitro chemical synthesis or in vitro amplification. 

to the use of the meltometer provided by the invention, nucleic acid to be 
20 sized, quantitated, probe* or sequence* is advantageous* modified 

detectaL labe! on the one strand. Incorporation of such a detect label provtdes 
a way ,0 detect denaturation of the double-sanded nucleic acid. One non-hmmng 
example o, a preferred deteotabie label is a fluoresce, label such as fluorescein or 
rh odLne. or an infrared .abel such as a poiymethine dye. Detectable label 
25 mo.ecules can be added to the doub.e stranded nucleic acid by replacement synthesis, 
hybridization, chemical modification or during in vttn, chemical synthesis or ■ v,,ro 
amplification. Also included in mis aspect of the invention is the nonpatent 
incorporation of a detect ,abel into the double-stranded nucleic acvd, for exampie, 
intercalation of single-strand or double-stra* conformation-specific 
30 Examples o, such nucleic acid conformauon-specific dye molecules tnclude bu, are 
not .iLed to emidium bromide, or preferably, DAPI, Hoech* 33258, and, most 
preferably, TOTO/YOYO. 
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In addiuou and advan Bg =ous,y, ft. wiftin *e buffer cbamber ,s 

„ f a Sizing compound. Exemplar, ^stabilizing compounds 
composed of a isostatnuzing f ^ 

tadu de betaine, sarcosine. tau^e ^^^^ Tabl e 

others, the isostabilizing properties of W tuch are 



I. 




30 



isostabilizers 



compound type 



TABLE I 
effective 
molarity 



fold sharpening 
of melting 
transition 



change in Tm 

of calf 
thymus DNA 

(°C) 




TMAC1 1 
TEAC1 U 



alkylammonium 
alkvlammoruuxn 



3 

14 



5 
5 




osmolytes 

betaine 3 - 4 
sarcosine' 1 
taurine 4 
TMAO 4 
glycerol 4 



zwitterion 
zwitterion 
zwitterion 
methyiarnine 
polyhydric alcohol 



5.2 

NA 

NA 

NA 

NA 



-15 




* Melchior. WB and von Hippl PH {£™ Proc 
> Rees. et al (1993) Bioc ^*^}?™" 

* Yancey et al (1982) Science 217: 1214-1222 

' „Hc * advantageous because these compounds 

Wood er a/-. 1985, froc. iu me itine transition, i.e., 

— — - - r^r:" h i :r— -* 

tey ae. .o decrease me range of temperature 

acW ebanges from being essenuaU, * »U ™s 

comply sing* stranded ^ " ^^ solmion of „ nucieic 
feature is advaruageous because . results tn mcreased 
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oligonucleotides which represent the products of a DNA replacement-synthesis 

sequencing reaction. 

The DNA meltometer is provided in a preferred embodiment as an automated 
apparatus. A schematic diagram of this embodiment of the meltometer is shown in 
5 Figure 2. In this embodiment, the operational steps are controlled by an interface 

unit (12 in Figure 2), preferably an I/O interface such as, for example, an Omega 
OM-900 unit, controlled by a data-processor (11 in Figure 2), such as a computer. 
Operational steps include control of the temperature regulating units, control of the 
flow rate of buffer through the thermomodulating chamber, and control of the 
10 detection of thermal denaturation by the detector. Also a feature of this preferred 

embodiment of the meltometer is the use of the computer to acquire, record and store 
data generated by operation of the apparatus. 

The DNA meltometer provided by the invention is useful to enable gel-free 
sizing, quantitating, probing and sequencing of nucleic acids. The method of sizing 
15 a nucleic acid fragment, for example, a DNA fragment, provided by the invention 
comprises the steps of placing a solution comprising the DNA fragment in the 
thermomodulating chamber of the meltometer at a temperature less than the thermal- 
denaturation temperature of the DNA fragment. The temperature of the 
thermomodulating chamber is then incrementally raised linearly and stringently (± 
20 0.01 to 1°C) at a rate sufficient to detect and resolve denaturation of the DNA 

fragment. Thermal denaturation of the DNA fragment is thereby detected. In 
preferred embodiments, one strand of the DNA fragment is linked to a tethering 
molecule and retained in the thermomodulating chamber via a retainer. The other 
strand of the fragment is linked to a detectable label that is, for example, a 
25 fluorescent label or an infrared label. The thermomodulating chamber is 

advantageously arranged to have a first and second opening whereby buffer flows 
through the thermomodulating chamber during the course of thermal denaturation. 
The thermally-denatured single-stranded, fluorescently- or infrared-labeled DNA 
molecules flow past the detector as the result of buffer flow from through the 
30 thermomodulating chamber, and are thereby detected. In an advantageous 

modification of this method, a set of DNA size marker fragments are added to the 
thermomodulating chamber. Such marker fragments are preferably differentially 
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labeled such that the detector can discriminate between each of the marker fragments 
and the sample DNA fragment. The size of the DNA sample fragment is then 
determined by comparison with a standard curve prepared using the thermal 
denaturation temperatures detected for each of the DNA marker fragments. 
5 The method of quantitating a DNA fragment comprises the additional step of 

calculating the amount of the DNA fragment detected by the detector. In one 
embodiment, the amount of the fragment detected is quantitated from the total 
intensity of the detected labeled DNA, using algorithms well-known in the art such 
as Beers' law to relate the absorbance at a particular wavelength to the amount of the 

10 absorbing substance. 

The method of probing a nucleic acid fragment, for example, a DNA 
fragment, to specifically detect a particular DNA fragment from among a multiplicity 
of DNA fragments provided by the invention comprises the following steps. One 
strand of each of the multiplicity of double-stranded DNA fragments is linked to a 
15 tethering molecule. A solution of a multiplicity of tethered double-stranded DNA 
fragments is then placed in the thermompdulating chamber of the meltometer in the 
presence of a retainer, so that the multiplicity of double-stranded DNA fragments are 
retained in the thermomodulating chamber. The temperature of the 
thermomodulating chamber is then raised to a temperature sufficient to thermally 
20 denature the multiplicity of DNA fragments. Alternatively, thermal denaturation can 

be accomplished prior to addition of the DNA sample to the thermomodulating 
chamber. This thermal denaturation results in there being a multiplicity of single- 
stranded DNA fragments present in the thermomodulating chamber that are targets 
for later hybridization with a sequence-specific probe. A detectably-labeled nucleic 
25 acid probe is then hybridized to the multiplicity of DNA fragments in a hybridization 

solution, said probe being preferably an oligonucleotide that specifically hybridizes 
to the particular DNA fragment of interest among the multiplicity of DNA 
fragments, at a temperature sufficient to allow said hybridization to occur. Excess 
probe is then removed from the thermomodulating chamber and the temperature in 
30 the thermomodulating chamber then incrementally raised linearly and stringently (± 
0.01 to 1°C) at a rate sufficient to detect and resolve denaturation of the hybridized 
oligonucleotide probe from the particular DNA fragment of interest. The thermally- 
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denatured oligonucleotide probe is then detected by the detector. In preferred 
embodiments, one strand of the multiplicity of DNA fragments is linked to a 
tethering molecule and retained in the thermomodulating chamber via a retainer. The 
oligonucleotide is linked to a detectable label that is a fluorescent label or an infrared 
5 label. The thermomodulating chamber is arranged to have a first and second opening 
whereby buffer flows through the thermomodulating chamber during the course of 
thermal denaturation. The thermally-denatured oligonucleotide, fluorescently- or 
infrared-labeled probe then flows past the detector as the result of buffer flow 
through the thermomodulating chamber and is thereby detected. 
10 The method of sequencing a nucleic acid fragment, for example, a DNA 

fragment, as provided by the invention comprises the following steps. One strand 
of each of a multiplicity of double-stranded DNA fragments is linked to a tethering 
molecule and a solution of the multiplicity of tethered double-stranded DNA 
fragments is placed in the thermomodulating chamber of the meltometer in the 
15 presence of a retainer, so that the multiplicity of double-stranded DNA fragments are 

retained in the thermomodulating chamber. The temperature of the 
thermomodulating chamber is then raised to a temperature sufficient to thermally 
denature the multiplicity of DNA fragments. Alternatively, thermal denaturation can 
be accomplished prior to addition of the DNA sample to the thermomodulating 
20 chamber. This thermal denaturation results in there being a multiplicity of single- 

stranded DNA fragments present in the thermomodulating chamber that are targets 
for later hybridization with a sequence-specific probe. An oligonucleotide 
sequencing primer that specifically hybridizes to the DNA fragment at a site in the 
nucleotide sequence of the DNA fragment adjacent to the site to be sequenced is then 
25 annealed to the denatured DNA. This annealing step is performed at a temperature 

sufficient to allow annealing of the primer to the template DNA to occur. 
Conventional dideoxynucleotide/ replacement synthesis nucleic acid sequencing 
reactions are then performed to create a nested set of extended oligonucleotides 
hybridized to the DNA fragment. The temperature in the thermomodulating chamber 
30 is then incrementally raised linearly and stringently (± 0.01 to l e C) at a rate 
sufficient to detect and resolve denaturation of each of the nested set of extended 
oligonucleotides hybridized to the DNA fragment of interest. Each species of the 
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nested set of the extended oligonucleotides is then detected by the detector in a 
temporal sequence that reflects the nucleotide sequence of the DNA fragment. In 
preferred embodiments, one strand of the multiplicity of DNA fragments, i.e. , the 
strand complimentary to the oligonucleotide primer, is linked to a tethering molecule 
5 and retained to the mermomodulating chamber via a retainer. Each of the nested se, 
of extended oligonucleotides is detectably labeled a. the 3" terminus by a 
fluorescently-labeled or an infrared-labeled dideoxy terminator residue. OpttonaUy 
and advantageously, each of the dideoxynucleotides can be differentia!!, labeled so 
as to be individual detectable by the detector. The mermomodulating chamber « 
10 arranged to have a firs, and second opening whereby buffer flows through the 
thermomodulating chamber during the course of thermal derctturation. Each of me 
thermally-denatured, fluorescently- or infrared-labeled extended oligonucleotides men 
flows past the detector as the result of buffer flow through the fhermomodulatmg 
chamber and is thereby detect in a temporal sequence that reflects the nucleotide 

1 5 sequence of the DNA fragment. 

I, will also be understood by those with skill in this art that me meltometer 
.nay be used to assay virtually any biomolecular interaction man can be dissoctated 
into component pans. The only requirement is that one of the interacting moiecules 
he capable of being tethered within the meltometer, and at leas, one of the other 
20 interact molecules be capable of being de.ec.ably labeled, for example, by a 
fluorescent or radioactive label. In addition to ore temperature ramping or gradten, 
technique described for DNA analysis, soHttion ramping, for example, ustng 
gradients of sal. concentration, dielectric consent, chaotiopic agent concentration, 
or mono- or divafen. cation concentration, may 1* used. One non-limiting example 
25 is protein-DNA interactions, wherein the interaction can be measured for DNA 
binding activity of the protein. In mis example, DNA cou,d be tethered to the 
meltometer chamber as describe* above, and fluorescently tagged protein be arrowed 
to interact with tire tethered DNA. Proteins could men be specifically etated w.th 
a salt gradient and detected by a fluorescence spectrophotometer, provtdmg a 
30 quantitative measure of the strength of the binding interaction between the DNA and 
protein Omer advantageous uses of the DNA meltometer described herem wtll be 
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disclosed invention ^ pBfcn- 

The following Examples are unenu 
embodiments of the invention and are no. itaiting in nature. 

EXAMPLE 1 

Detecting, Sizing and Quantising a Specific PGR Product using 
Detecting, o e, pNA M «""""*er 

, h „ in reactions are performed using standard techniques. A DN A 
Po lym erase^ ~ P ^ ^ ^ a ^ 

concentrate of about m ^ ^ ^ homologous 

oligonucleotide PGR pnmer of between 15 an ^ 
to a DNA sequence flanking the DNA fragment to 1* an, hf ^ 
at te 5. end with a tethering molecule such as b.oun A o ^ 



15 



20 



25 



30 



at the 5' end witn a Teureiu* — nucleotides that is 

, ♦ a~ vr-R nrimer of between 15 and 30 nucleotides, iu 

te strand opoostte to fte ( such „ 

" ^r — tr I ^ed Le, such as a polvmethine d y e. Bach of 
rhodamine or fluorescein or m w mre at a final concentration of l^M- 

- PC* P— is present in the ^ ag ^ „ ble . 

^ rea ction f -^~ ^ZpIrJn Elmer-Cems, Emerge, CA) 

polymerase from r. rf 4 deoxynucleo tide 

at a final concentration of l-5U/reaction, t , 

♦ t»t«i dKTP concentration of about 200fiM, ana w 
triphosphates, at a total dNTP a 

appropriate for the polymerase enzyme used, the buffer typ 

mag nesium ion salt at a cone— prot ocol — 

Tne DNA — ,s ampl« ol o^ng P ^ 

repea ted cycles of de = „ performed for 
catalyzed extension of the ohgonucleo P ^ rf ^ 

between 10-40 cycles, or until approximately 50-1500 ng ( 

DNA fragment have been produced. thft DN A meltometer as follows. 

The specific DNA fragment is detected using the DNA meltome 

• • „ thP amplified fragment is added a solution 
To the PCR reaction comprising the amplified g 
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containing streptavidin-coated latex beads of a size sufficient to be retained by a 
Tef.cn' filter. After binding of the amplified DNA fragments to the latex beads « 
the biotinylated end of one strand of each fragment, the mixture of latex bead-bound. 
DNA fragments are placed into the thermomodulating chamber of the meltometer, 
5 the chamber containing a Tenon* retaining filter. The thermomodulating chamber 
is equilibrated to a temperature that is less man the thermal denaturation temperature 
„f L DNA fragment before use, and is typically equilibrated to a temperature of 
15-C The pump is used to generate a flow of a buffer solution through the 
thermomodulating chamber and past a detector, which is calibraKd to detect die 
10 fluorescent or infrared.labe.ed strand of the DNA fragment. Each o, the con^ 
steps herein described for performance of the DNA fragment detection is preferably 
performed by a computer in combination with a .,0 interface, and die data generate, 
L, die detector is also recorded by die computer to form a permanent record 

the experiment. . 

-To detect the specific amplified DNA fragment, the temperature of <h 
.hermomoduratmg chamber is increment raised linearly and stringently ■ (± 0.0 
I rC) at a ra* sufficient to detect and denamration of the DNA fragment. 

Optionally, also contained in the thermomodulating chamber is a se, of DNA stze 
moments, wherein each fragment is labeleu on one strand with bioun and 
20 I! Z» to a streptavidin-coated latex bead, and is labeled on die ot*r 
strand with a fluorescent, be, or an infrared label. Also optionally contain. ,, die 
thermomodulating chamber is an amount of an isostabilizing compound. The DNA 
fragment is detected by die detection o, die appropriate signal by the detector. The 
JL, of this determination is increased by a comparison of One observed size o 
2S I DNA fragment, relatfve to the DNA size marker fragments, with die expected 

size of the DNA fragment. 

Additional.,, the amount o, die specific DNA deKcKd can be detenmned b 
integration of die total absorbance of labeled DNA fragments detected, using well- 
integrauon Th^ amount of a particular detected fragment 

blown algorithms for such a purpose. The amount of a pan 
30 will be related ,0 die total absorbance detected at me appropriate wavelengd, that s 
Iplfic for ma. fragment. The use of specific detectable labels is particularly 
advantageous for this purpose. 
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EXAMPLE 2 

Detecting Specific Hybridization of DNA with an Oligonucleotide Probe using 
ue n B v th- Tina l yiritnmeter 

Hybridization of a genetic polymorphism-specific probe with human genomic 
5 DNA is achieved as follows. DNA from an individual diagnosed as a carrier of the 
■ sickle ceil anemia trait [GTG (Glu>) - GAG <Val<) in the human 0-globrn gene, .s 
digested with a restriction enzyme that does no, destroy the polymorphism and -hat 
produces a recessed 3- end o, each restriction fragment. The DNA is then labeled 
with ferritin under standard conditions <*« Sambroo* « «... IW.>. for example by 
,0 performing a fill-in reaction of the 3' recessed end using the Klenow (ragmen, of E. 
coli DNA polymerase I or T4 DNA polymerase and ferritinylated dUTP. 

The ferritinylated DNA sample is firs, denatured and then placed mto the 
thermomodulating chamber of ft. meltometer. the chamber being supplied with an 
externa, magnetic field generator. Said magnetic field is applied mroughou, Ore 
15 remaining course of Ore experiment. An oligonucleotide hybridan probe U» s 
homologous ,0 me sicMe cell anemia-associated allele of human S-g.obm and Ubeled. 
for example, a, the 5' end, win, a fluoresce* molecule such as rhodamme or 
fluorescein or an infrared .abel such as a polymemine dye, ,s added to me 
thermomodulating chamber. The temperature of me thermomodulating chamber ■ 
20 tnen adjust to a temperarare below fte fnermal deration temr*rature of the 
oligonucleotide probe with i«s homologous site in the human genomtc DN A of the 
DNA sample. Hybridization is performed for an appropria* amount of tune 
anew me maximum amoun, of specific hybridization to occur, and men excess 
unbybridized probe is washed from the ftermomodulanng chamber using a wash 

« soluuon [typically comprised of 0.1-1% sodium dodecyl sulfate (SDS) m 0.1-2X 
25 soluuon [typ y P ^ of 0 . 15 M NaCl and 0.015M 

sumdard salme curate (SSC), IX s»- o= m s v 

sodium citrate, P H 7.0)1. me pump is used to generate a flow of fte wa hmg 
solution tnrough ft. therm„modu,a,ing chamber and pas, a detecor whKh 
calibrated to de*c, <he labeled probe. Each of fte control steps herem desenbed for 
30 performance o, «he DNA fragment de,ec,ion is preferably performed by a compmer 
I combination with a I/O inrerface, and the data generated from the detecor - also 
corded by the computer to form a permanent record of fte experiment. 
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When to detector no .onger detects the passage of any excess unhybridtzed 
When to de temom<Ktolating chamber is incrementally raised 

prob e, to temperatu = <* **^ „ d£tect and reS o!ve 

lineariy - — - - — DNA and to allow 
denaturanon of the ohgo oUgonucl eotide is detected by the 

5 action of the denature^ J*A jf ^ ^ an ^ 

heterozygous for the sickle Jhe ^ 

ev ents. — at , different = • - 

iOn0m£P t i " a t lower temperature because of to 
10 *** ™ rrto mutation between to genomic OKA and 

-sence * 3 " , — * " ™ JL, denaturation even, detected will be 
„. oligonucleotide probe^ "The «» ^.^d aUeie, 

denamration of the probe from to stte ^ 
wU ch d— n will occur at ^ ^"^"onucieotide probe. 
„ . fc site of to mutation betw^n = 2- ^ a se, of OKA s te 
Optionally, also contamed m to tormom , ^ 

retained thereby in to tormomodulatmg chamber by 
field, and is labeled on to other s«and with a fluore^ — 
M ^icon^intoto^— ^ rr^acomparisonofto 



with the expected size of the DNA fragment. 



25 



30 



EXAMPLE 3 

^nucleotide, replacement syntosis nucleic «mg ^e 

- • — ' OKA from an 
olig onuc,eotides de^ed ^ polyjnoIphism « causes cystic 

— codo encoding Phe«> in to cystic fibrosis 
fibrosis (deleuon of to an base ^ ^ does not 
transmembrane regulator gene) is digested w.w 
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destroy the polymorphism and that produces a recessed 3' end of each restriction 
fragment The DNA is then labeled with biotinylated dUTP by fill-in reaction of the 
3 < recessed end using the Klenow fragment of E. coli DNA polymerase I or T4 DNA 
polymerase, under standard conditions &e Sambrook et al. , ibid, for details of this 
5 protocol) Alternatively, a DNA fragment encompassing the site of the genetic 

polymorphism is produced by in vitro amplification, for example, as described in 

Example 1. 

The biotinylated DNA sample is then denatured and mixed with streptavidm- 
coated latex beads and then placed into the thermomodulating chamber of the 
10 meltometer, the chamber containing a Teflon- retaining filter. A DNA sequencing 
oligonucleotide primer that hybridizes to a site flanking the polymorphism m the 
cystic fibrosis-associated DNA fragment is then added to the thermomodulatmg 
chamber. A mixture of a DNA polymerase, the appropriate buffers and unlabeled 
dNTPs and each of four differentially fluorescently- or infrared-labeled 
15 dideoxynucleotide triphosphates is then added to the thermomodulating chamber, at 

a temperature that allows the sequencing primer to anneal and the polymerase to 
incorporate dNTPs and ddNTPs into a set of extended oligonucleotides encompassing 
the cystic fibrosis polymorphic site. After an appropriate amount of time to allow 
the maximum amount of oligonucleotide extension to occur, the excess sequencing 
20 reaction mixture is flushed from the thermomodulating chamber using the pump to 

generate a flow of washing solution as in Example 2 above through the 
thermomodulating chamber and past a detector, which is calibrated to detect each of 
the labeled ddNTPs. Each of the control steps herein described for performance of 
the DNA fragment detection is preferably performed by a computer in combination 
25 with a I/O interface, and the data generated from the detector is also recorded by the 

computer to form a permanent record of the experiment. 

When the detector no longer detects the passage of any excess free ddNTPs, 
the temperature of the thermomodulating chamber is incrementally raised linearly and 
• stringently (± 0.01 to 1-Q at a rate sufficient to detect and resolve denaturation of 
30 each of the nested set of extended oligonucleotides hybridized to the DNA fragment 

of interest and to allow detection of the differentially-labeled extended 
oligonucleotide primers. The extended oligonucleotides are detected by the detection 
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of the appropriate signal by the detector. The DNA sequence is determined by the 
temporal sequence of the detected signal past the detector. Optionally contained in 
the thermomodulating chamber is an amount of an isostabilizing compound. 

A theoretical thermal denaturation profile for sequencing of the sequence 
5 CAGTCCGTAACATCTAGCCGAGGAAGACTCTGCCATGCCAAGGAGC 

(SEQIDNo.:l) 

using the oligonucleotide primer 
GATCTAGCTATTAG 

(SEQ ID No.: 2) 

is shown in Table II. The data in this Table were derived as follows. By analyzing 
nearest-neighbor thermodynamic parameters {see Breslauer et al., 1986, Proc. Natl. 
Acad. Sci. USA 83: 3746), the increase in T m (in °C) of the sequence was 
determined as single nucleotides were added to the oligonucleotide primer. As can 
be seen in the Table, in theory about 60 basepairs of DNA sequence can be read 
using the DNA meltometer over a thermal denaturation profile of 22.5°C - 82.6°C, 
particularly in view of the fact that temperature regulators are commercially available 
having a precision of ±0.01 °C. 



10 



15 
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TABLE II 
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EXAMPLE 4 

DNA Sizing Analysis of Specific PCR Products using 

thf pMA Mritometer 

DNA fragments produced by polymerase chain reaction were sized as 
descnbed in Example i . A nested set of seven DNA foments of different iengths 
I s produced using bacteriophage MBmp.S as opiate (the — ™ 
*J» *. M New England Biolabs Cataiog, Append.*). ™= nested e 

.I" duced using a set of PCR primers in which a singie. common sense— 
Z 5-, Primer was used in .ndividua, reactions with one of a se, o utuoue 
Iters 1 cateti aiong the MBtnpiS sequence at incasing distance 3 from me 
ite This resuited in a nested set o, DNA fragments shartng a common 5 
rid treasing amounts of MUmpfS ONA sequence in s = 3 = s 
common end. The identity of the primers used is detatied » Tab.e IU wh r 
primer is identified as sense <F> or anti*nse (R) and by Ore posmon o, the 5 
„f each Primer relative to the MDmplS sequence. 

° i the performance o, these PCR reactions, the 5' common pnmer »a 

, k 0 uh with 32 P using t- 32 P labeled ATP and T4 

polynucleoude kinase, tins reaction wasp ^ 

instructions (New England Biolabs, Beverly, MA) * ^ 

. u ,n, ihid^ PCR reactions using these primers (30pmol each prim 
(Sambrook et aU ibid.). PCR pcR^rotocols, Academic 

were performed using standard reaction conditions PC— __ 
I New York 1990) for 30 cycles, where each cycle consisted of 0.5 mm 
Press: New York, 199U) t _, oc These PC R reactions yielded a nested 

94-C. 0.5 min at 50'C and 0.5 mm at 7 2 C Tn ~ PC ^ ^ 

set of PCR product DNA fragments of 67, 115 154, 321 
In addition, a non-nested 30 bp fragment and two unrelated PCR prod 

V itt bn and 508 bp were similarly generated from phage lambda DNA. 
fragments of 138 bp and 508 bp w huffe r-equilibrated phenol and 

The PCR products were extracted once each with buffer equilibr P 
ine ^ concentration of 0.3 

chloroform, ethanol precipitated, and resuspended m water 

pmole/^L. melt0 meter, 50 ^ of streptavidin- 

In nrepacration for DJNA sizing u&mg 

bu «er <iM NaCl. iOmM ^^^^ I Dyra beads in 50 
product DNA fragment generated s described above w 



-23 - 



PCI7US95/03708 




OH 

■4-^1 

J— ll 
C 



oral 
w 



no 

• ♦ 



OO ON 



° s 



° 5 



q p q o Q 8 2 



a 

w. 

GO 
v© 



p5 eg 

vD >/"i 

o 3; 



S3 

io no 



* — * * - 

cn co 



a q 

53 co 



n- 

ON 



ON 



2 s 



(Ul 



El 



z z z 
o 9 S 



o o 



o o 



Q S S S 



CO 



a a 

co co 



tL, tU U- 

S r» S 

ON ON ON 

si 1 I S 



co co 



cm £} 

ON ON 
VO NO 

2 2 



a 

CO 



a 

CO 



cm 

On On 



On 



OO 



ON 



CO 

ro 

NO 



On 

5 



oo S 
O O 

m ^ 



cm 

. • • * 

9 9 

a <y 

CO co. 



OS 

VO 

<N 

NO 
^1 



NO 

m 
no 






o 



w 

CO 

ps 

OO 
ITN 

cm 

NO 



o o 

z z 

Q Q 



a 

CO 
cn 

NO 



a 

CO 
w 

ON 

CM 

5 



O 



24 



PCTAJS95/03708 



product DNA fragment generated as described above were bound to Dynabeads in 
50/xL binding buffer by incubation with 50/zg Dynabeads for 30 min at room 
temperature. The resulting suspension of DNA bound to Dynabeads was then 
washed three times in binding buffer and three times in meltometer buffer. Two 
formulations of meltometer buffer were used in this study: NaCl buffer (50mM 
NaCl, lOmM Tris-HCl, pH 7.5, ImM EDTA, 0.1% (v:v) TWEEN 20) and TEAC1 
buffer (2.4M TEAC1, 5mM KH 2 P0 4 , ImM EDTA). 

Each of the ten PCR product DNA fragments generated as described above 
were individually sized using the meltometer. Two determinations were made for 
each DNA fragment: one using the NaCl buffer, and the other using the TEAC1 
buffer. The meltometer was maintained at 25 °C during loading of the bead-bound 
DNA. Buffer flow was maintained at 30 /xL/min and diverted to waste during 
loading. The DNA-bound beads were diluted to IOOjiL in the appropriate 
meltometer running buffer and injected directly into the meltometer heating block, 
which was equipped with a size exclusion frit of 0.5^m. After loading, buffer flow 
was re-directed through the meltometer and the sample washed for at least 5 min at 
25 °C prior to the start of the heating profile. Each DNA meltometer size 
determination was performed using a temperature profile wherein the temperature 
was raised from 25°C to 99.5°C at l°C/min. Fractions were collected at 0.5°C 
intervals directly onto strips of Whatman 3 MM filter paper. The amount of 
radioactive DNA in each fraction was determined by Cherenkov counting using a 
scintillation counter (Beckman, Model LS6000IC, Mountainview, CA). 

The T m s determined using the meltometer for each of these DNA fragments 
are shown in Table III (T m (2)). In addition, for each PCR product generated, a 
theoretical T m was calculated, using the equation: 

T m = 81.5 + 16.6(log[Na + ]) + 0.41(% GC content) - 600/DNA fragment length 
(see Sambrook et aL, ibid, at p. 9.51). These calculated results are shown in Table 
HI (T m (l)). Comparison of these T m s indicates that the calculated T m in each case 
is less than the T m found using the meltometer. 

Figures 3 A and 3B show a comparison of DNA meltometer T m determination 
for a particular DNA fragment (497bp) using NaCl buffer (Figure 3A) or TEAC1 
buffer (Figure 3B). In each determination, high resolution T m peaks were observed, 
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but the T m was lowered 26.2°C in the determination using TEAC1 buffer. This 
result illustrates that TEAC1 is compatible with the meltometer. 

A comparison of DNA fragment size versus T m is shown in Figure 4 for the 
DNA fragments described herein. The upper curve shown in the Figure represents 
5 the nested set of DNA fragments analyzed using NaCl buffer. The shape of this 

smooth curve indicates that there is a high correlation between T m and DNA 
fragment size in this set of nested fragments. This is as expected, since the 
fragments form a related set sharing significant identity at their 5' extents. It can 
also be seen that the non-nested fragments do not fit on this curve. The deviations 

10 of the non-nested DNA fragments suggests that differences in DNA sequence and 

base composition have influenced the observed T m s. 

The lower curve represents the nested set of DNA fragments analyzed using 
TEAC1 buffer. The T m s of the DNA fragments in this curve are uniformly lower 
than the T m s observed using NaCl buffer, consistent with the results shown in 

15 Figures 3 A and 3B. In addition, in this experiment the non-nested fragments now 

fall on the TEAC1 curve, demonstrating that use of this isostabilizer has eliminated 
DNA sequence and base composition effects, and made T m dependent solely on DNA 
size. 

This comparison of the predicted DNA fragment size of the non-nested DNA 
20 fragments shown in Figure 4 is further illustrated in Table IV below, where the 

predicted DNA fragment size using the meltometer under conditions of NaCl buffer 
and TEAC1 buffer are compared. This comparison shows that the use of 
isostabilizers can increase the accuracy of DNA fragment size prediction from 50- 
73% observed using NaCl buffer, to 81-93% using TEAC1 buffer. These results 
25 demonstrate that the DNA meltometer can be used to accurately size DNA fragments 

over a range of at least 30-500bps, and that the use of the isostabilizer TEAC1 can 
eliminate the base composition and sequence-specific contributions to the T m using 
the meltometer. 
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TABLE IV 




Actual 
size 

30 

138 

508 



m 



75.4 
82.5 
91.5 



No isostabilizer 

Predicted Accuracy 
size (%") 

60 50 

100 73 

318 63 



TFACl Isostabilizer 



m 



51.4 
64.0 
65.6 



Predicted 
size 

28 

150 

412 



Accuracy 
i%l 

93 

91 

81 
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EXAMPLE 5 

Detecting Specific Hybridization of DNA with Oligonucleotide Probes using 

thP rtNA Meltometer 

DNA hybridization with specific oligonucleotide probes was performed as 
described in Example 2. Multiplex hybridization (i.e., simultaneous hybridization 
with multiple probes) was performed with four different oligonucleotides on a 115bp 
PCR product DNA fragment. The 115bp PCR product was generated using 
M13mpl8 DNA as DNA template and 30pmoles each of 5' biotinylated primer 
M6192F (sense primer; SEQ ID No.:3) and unmodified M6306R (antisense; SEQ 
IDNo.:4). PCR was performed essentially as described in Example 4. After PCR, 
the DNA fragment produced was extracted once each with buffer-saturated phenol 
and chloroform, ethanol precipitated and resuspended in water at a concentration of 
0 3pmol/AL. 50/xg streptavidin-coated M-280 Dynabeads were prepared by washing 
three times in binding buffer (1M NaCl, lOmM Tris-HCl, pH 7 .5 , ImM EDTA) and 
then the beads were bound to l.Spmol PCR product DNA fragment in 50 M L binding 
buffer by incubating at room temperature for 30 min. Thereafter, the bead-DNA 
conjugates were washed three times with binding buffer, and the non-biotinylated 
strand eluted by washing the beads three times with a solution of 0.1N NaOH/0.1% 
(v:v) TWEEN 20 for 15 min. The beads were then again washed three times with 
binding buffer. 

Radiolabeled probes were prepared by T4 DNA kinase-catalyzed addition of 
3>P at the 5' end of each primer. 16.6 P mol 7 -*P-labeled ATP were used in a 
reaction mixture containing 20pmol of each primer and appropriate amounts of buffer 
salts and T4 DNA kinase as recommended by the manufacturer (New England 
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Biolabs). The oligonucleotides used as probes were: M6191C (ISmer; SEQ ID No. : 
15), M6306R (30mer; SEQ ID No.:5), M6258R (23mer; SEQ ID No,4) and 
M6258MM (23mer, including a single basepair mismatch; SEQ ID No.:l6). 
Kinased oligonucleotides were purified from unincorporated nucleotides by NAP-5 
column chromatography (obtained from Pharmacia, Uppsala, Sweden). The 
recovered kinased oligonucleotides were dried and resuspended in water at a 
concentration of 0.2pmol/,xL. The nucleotide sequences of the primers and probes 
used in this Example are shown in Table V. 



10 



15 



20 



[ 



Oligo- 
nucleotide 



TABLE V 



M6258R 



pfT? Primers and Prohp Sequences 



Sequence 

5 ' -TTCCTGTGTGAAATT-3 ' 

5 ' - AAC AATTTC AC AC AGGAAAC-3 ' 

5 ' -GTAAAACGACGGCC AGTGCC AAG-3 



m 



42.0 
49.9 
69.0 
60.0 
75.0 



25 



30 



For hybridization studies, 50 M g of bead-bound, single-stranded PCR product 
DNA was incubated with a mixture of Ipmol apiece of the kinased complementary 
oligonucleotide probes in 50 M L binding buffer for 30 min at room temperature. The 
probe mixtures used were as follows: in the experiment depicted in Figure 5A, 
probes M6192C (15mer), M6306R (23mer) and M6258R (30mer) were used; m the 
experiment depicted in Figure 5B. probes M6192C (ISmer), M6306MM (mismatch 
23mer) and M6258R (30mer) were used; and in the experiment depicted in Figure 
5C probes M6192C (ISmer). M6306R (23mer), M6306MM (mismatch 23mer) and 
M6258R (30mer) were used. After hybridization, the beads were washed three times 
in binding buffer and three times in meltometer buffer (50mM NaCl, lOmM Tns- 
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HCl, P H 7.5, lmM EDTA, 0.1% (v:v) TWEEN 20) at room temperature to remove 

non-specific hybridization. 

Each of the three mixtures were separately tested using the meltometer. The 
meltometer was maintained at 25"C during loading of toe bead-bound, hybridized 
5 DNA Buffer flow was maintained at 30,JJmm and eluate was directed to waste 
during loading. The beads were diluted to lOO^L in meltometer buffer and injected 
directly into the heating block of the meltometer, which was equipped with a OJpm 
" size exclusion frit. After loading, buffer flow was redirected to the meltometer aud 
te sample washed a, 25'C for a, teas, 5 min prior to each hybrWizatton 
10 determination. Hybridized oligonucleotide probes were eltued from the , DNA 
opiate using a temperature profue, characterized as increasing from 2 
99 VC at a rate of 1'C per minute. 0.5°C fractions were collected dtrectly onto 
stri ps of Whatman 3MM filter paper. The amount of radioactive DNA in each 
fr^on was determined by Cherenkov counting using a scintillation counter 

15 (Beckman Model LS6000IC). 

The results of these experiments are shown in Figures 5A through 5D. 
Figures 5A through 5C show that each of the different probes was efficient!, 
deLd using the meltometer, and each eluted from the DNA template a, a 
characteristic temperature that was easiiy discriminated for each probe sequence. O 
20 particular relevance is the discrimination that was found between the w„d-type pro* 
M6306R and die mismatch probe M6306MM. These results demonstran, 
discrimination between these primers differing at a single position » the 23- 
^leotide sequence, bod, in comparing separate multiplex hybndrzanons ^ 
5A and 5B) and when both probes were confined in the same mulfple 
25 hybridization (Figure 5Q. Figure 5D shows conventional 

eLrophoretic anaiysis of the fracuons corresponding to the meltometer peaks shown 

in Figures 5 A through 5C. 

These results demonstrate that the DNA meltometer can efftcently 
discriminate and detect hybridization of iSmer through 30mer probes hybndrzed to 
30 a bead-bound DNA template and can discriminate on the level o, a smgle base 
mismatch. 
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It should be understood that the foregoing disclosure emphasizes certain 
specific embodiments of the invention and that all modifications or alternatives 
equivalent thereto are within the spirit and scope of the invention as set forth in the 
appended claims. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: 

(A) NAME : Ganmera Bioscience 

(B) STREET: 3 0 Memorial Drive 

( C) CITY : Cambridge 

(D) STATE: Massachusetts 

(E) COUNTRY: USA 

(F) POSTAL CODE (ZIP) : 02142 

(G) TELEPHONE: 617-441-1080 

(H) TELEFAX: (617) -441-1010 

(ii) TITLE OF INVENTION: A DNA Meltometer and Methods of Use 
Thereof 

(iii) NUMBER OF SEQUENCES: 16 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 (EPO) 

(v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: PCT/US95 / 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
CAGTCCGTAA CATCTAGCCG AGGAAGACTC TGCCATGCCA AGGAGC 4 6 



(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 
GATCTAGCTA TTAG 14 



(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 
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(C) . STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 
AACAATTTCA CACAGGAAAC 



(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

{ ii ) MOLECULE TYPE : DNA (genomic ) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 
GAGGATCCCC GGGTACCGAG CTCGAATTCG 



(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 
GTAAAACGAC GGCCAGTGCC AAG 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : S 
TAAGTTGGGT AACGCCAG 



(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

* 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 



CTCAGGAAGA TCGCACTC 
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(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA (genomic) 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 
GTCTGGCCTT CCTGTAGC 

18 



(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
TTTGAGAGAT CTACAAAGGC 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 
TCAGAGCATA AAGCTAAATC 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
TTTTTATGTC GATGTAC 



(2) INFORMATION FOR SEQ ID NO : 12 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 
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19 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 12 : 
GAATTTGTGA GAGATAGAC 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GATGAGTTCG TGTCCGTACA ACTGGCGT 

(2) INFORMATION FOR SEQ ID NO: 14: 

{i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CGAACAGGTT ATCGAAATCA GCCAC 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : • single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 15: 
TTCCTGTGTG AAATT 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GTAAAACGAC GCCCAGTGCC AAG 23 

34 



25 



15 



V 



WO 95/258 15 PCT/US95/03708 

WE CLAIM: 

1 . An nucleic acid analysis apparatus comprising, in combination, 
a thermomodulating chamber, wherein a temperature is defined; 

heating and cooling means that are in thermal contact with the 
thermomodulating chamber, for controlling the temperature of the thermomodulating 
5 chamber; and 

a detecting means for detecting thermally-denatured double-stranded DNA at 
a temperature that is about the T m of each nucleic acid to be analyzed, thereby 
sizing, quantitating, probing or sequencing the nucleic acid. 

2. A method for detecting a double-stranded DNA fragment from a 
10 multiplicity of double-stranded DNA fragments by detecting thermal denaturation of 

said double-stranded DNA fragment, the method comprising; 

(a) placing the multiplicity of double-stranded DNA fragments in the 
thermomodulating chamber of the apparatus of Claim 1 in a solution at a temperature 
less than the thermal-denaturation temperature of said DNA fragment; 

15 (b) incrementally raising the temperature in the thermomodulating 

chamber linearly and stringently to a temperature that is at least the thermal- 
denaturation temperature of said DNA fragment; and 

(c) detecting the thermally-denatured DNA fragment at a temperature that 
is the thermal denaturation temperature of the DNA fragment. 

20 3. The apparatus of Claim 1 wherein the detecting means is a 

calorimeter. 

4. The apparatus of Claim 1 wherein the detecting means is a 
fluorescence detector, 

5. The apparatus of Claim 1 wherein the detecting means is an ultraviolet 
25 spectrophotometer. 

6. The method of Claim 2 wherein one of the strands of the DNA 
fragment is detectably labeled. 

7. The method of Claim 6, wherein the detectable label is a fluorescence 

label. 

30 8. The method of Claim 2 wherein one of the strands of each of the DNA 

fragments is labeled with a tethering molecule. 
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9. The method of Claim 8 wherein the tethering molecule is biotin or 
ferritin. 

10. The apparatus of Claim 1 wherein the thermomodulating chamber 
optionally comprises means for retaining DNA fragments labeled with a tethering 

5 molecule. 

1 1 . The apparatus of Claim 1 0 wherein the double-stranded DNA retaining 
means is a Teflon® filter. 

12. The method of Claim 2 wherein one of the strands of each of the DNA 
fragments is labeled with biotin and attached to a streptavidin-coated bead. 

10 13. The apparatus of Claim 10 wherein the double-stranded DNA retaining 

means is an externally-applied magnetic field 

14. The method of Claim 2 wherein one of the strands of each of the 
multiplicity of DNA fragments is labeled with ferritin. 

15. The apparatus of Claim 1 wherein the thermomodulating chamber is 
15 optionally comprised of a first opening and a second opening, wherein each of the 

openings is connected with a pumping means for passing a buffer solution through 
the thermomodulating chamber. 

16. The method of Claim 2 wherein the solution comprising the 
multiplicity of DNA fragments optional comprises an isostabilizing compound. 

20 17. A method of determining the size of a DNA fragment, the method 

comprising the steps of: 

(a) placing a solution comprising the DNA fragment in the 
thermomodulating chamber of the apparatus of Claim 1 at a temperature less than the 
thermal-denaturation temperature of the DNA fragment; 
25 (b) incrementally increasing the temperature of the thermomodulating 

chamber to a temperature that is at least the thermal denaturation temperature of the 
DNA fragment; and 

(c) detecting the thermal denaturation of the DNA fragment. 

18. The method of Claim 17 wherein one of the strands of the DNA 
30 fragment is detectably labeled. 

19. The method of Claim 18 wherein the detectable label is a fluorescent 

label. 
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20. The method of Claim 17 wherein one of the strands of the DNA 
fragment is labeled with a tethering molecule. 

21. The method of Claim 20 wherein the tethering molecule is biotin or 
ferritin. 

5 22. The method of Claim 17 wherein the solution comprising the 

multiplicity of DNA fragments optional comprises an isostabilizing compound. 

23. The method of Claim 17 wherein the multiplicity of DNA fragments 
comprises a standardized set of detectably-labeled fragments of DNA of known size. 

24. A method for detecting a DNA fragment from a multiplicity of DNA 
10 fragments, the method comprising the steps of: 

(a) labeling one strand of each of the multiplicity of DNA fragments with 
a tethering molecule; 

(b) placing a solution of the multiplicity of labeled DNA fragments of 
subpart (a) in the thermomodulating chamber of the apparatus of Claim 8 wherein 

15 the DNA fragments of subpart (a) are retained by the retaining means; 

(c) raising the temperature of the thermomodulating chamber to a 
temperature sufficient to thermally denature the multiplicity of DNA fragments; 

(d) hybridizing the multiplicity of DNA fragments in a hybridization 
solution comprising a probe that is an oligonucleotide that specifically hybridizes to 

20 the DNA fragment among the multiplicity of DNA fragments, at a temperature 

sufficient to allow said hybridization to occur; 

(e) washing the excess unhybridized probe from the thermomodulating 
chamber; 

(f) incrementally increasing the temperature of the thermomodulating 
25 chamber to a temperature that is at least the thermal denaturation temperature of the 

hybridized oligonucleotide probe to denature the probe from the DNA fragment; and 

(g) detecting the thermal denaturation of the oligonucleotide probe from 
the DNA fragment. 

25. The method of Claim 24 wherein one of the strands of the DNA 
30 fragment is detectably labeled. 

26. The method of Claim 25 wherein the detectable label is a fluorescent 

label. 
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27. The method of Claim 24 wherein the solution comprising flu 
multiplicity of DNA fragments optional comprises an isostabilizing compound. 

28. A method of determining a nucleotide sequence in a DNA fragment, 
comprising the steps of: 

5 (a) labeling one strand of the DNA fragment with a tethering molecule; 

(b) placing a solution of the labeled DNA fragment of subpart (a) in the 
thermomodulating chamber of the apparatus of Claim 8 wherein the DNA fragment 
of subpart (a) is retained by the retaining means; 

(c) raising the temperature of the thermomodulating chamber to a 
10 temperature sufficient to thermally denature the DNA fragment; 

(d) hybridizing the DNA fragment in a hybridization solution comprising 
an oligonucleotide probe that specifically hybridizes to the DNA fragment at a site 
in the nucleotide sequence of the DNA fragment, at a temperature sufficient to allow 
said hybridization to occur; 

15 ( e ) performing a dideoxy nucleotide sequencing reaction on the DNA 

fragment to create a nested set of extended oligonucleotides hybridized to the DNA 
fragment; 

(0 incrementally increasing the temperature of the thermomodulating 
chamber to a temperature that is at least the thermal denaturation temperature of each 
20 of extended oligonucleotides hybridized to the DNA fragment to denature each 

of the extended oligonucleotides from the DNA fragment; and 

(g) detecting the thermal denaturation of each of the extended 
oligonucleotides from the DNA fragment. 

29. The method of Claim 28 wherein the dideoxy nucleotide sequencing 
25 reaction is performed using dideoxynucleotides that are each detectably labeled with 

a different fluorescent label, and the detecting means of the apparatus is a 
fluorescence detector. 

30. The method of Claim 28 wherein the solution comprising the 
multiplicity of extended oligonucleotides optional comprises an isostabilizing 

30 compound. 
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